In order to obtain available biochemical parameters related to the marbling score (MS), by which the meat was graded from 1 to 12 in Japan, serum biochemical values were examined in 13 Japanese Black steers during the fattening stages. The steers were divided into high MS (8-11) and low MS (4-5) groups and the fattening stage was also divided into 4 stages according to their feed contents; Stage I (11-13 month-old; 0-4 months after the fattening (af)), II (5-9 months af), III (10-14 months af), and IV (15-20 months af). High MS group showed significantly higher levels in glucose and urea nitrogen (at Stage I), albumin/globulin ratio (at Stage II), and magnesium (at Stage I and III), and lower level in vitamin A (at Stage III) than low MS group. These biochemical parameters, indicating conditions of steers during the fattening stages, are considered to have a possibility related to MS in fattening steers.-KEY WORDS: biochemical value, marbling score, steer (Japanese Black).
collected from the steers at the 4 divided fattening stages according to our previous report [2] . Briefly, blood was withdrawn from jugular vein of steers at Stage I (11-13 month-old; 0-4 months after the fattening(af)), Stage II (5-9 months af), Stage III (10-14 months af), and Stage IV (15-20 months af). Serum LDH, aspartate aminotransferase (AST), alkaline phosphatase (ALP), gamma-glutamyl transpeptidase (GGT), and creatine phosphokinase (CK) activities, and T-chol, glucose (Glu), Alb, TP, urea nitrogen (UN), nonesterified fatty acids (NEFA), Ca, inorganic phosphorus (IP), and Mg levels were measured by an automated chemical analyzer (Analyzer super Z 818, NITTEC Co., Ltd.). The serum concentration of VA was measured by our previously reported methods [12] . The ratio of Alb to globulin (A/G ratio) was also calculated.
Statistical analyses: Significant differences were evaluated by the Mann Whitney test [9] . Table 2 shows serum biochemical values in both groups of steers at the different fattening stages. Significant differences of serum biochemical values were observed in UN (p<0.05) and Glu (p<0.05) at Stage I, in Mg at Stage I (p<0.05) and III (p=0.01), in A/G ratio (p=0.01) at Stage II, and VA (p<0.05) at Stage III. Briefly, high MS group showed significantly higher levels of UN, Glu and Mg, and higher A/G ratio, and lower level of VA compared with low MS group. Changes of these values revealed significant differences during the fattening stages are shown in Fig. 1 . The individual pattern of these values was similar to that in clinically healthy steers in our previous report [2] .
It is generally accepted that the serum concentrations of UN and Glu indicate the short-term condition of protein [10] and energy [4] intake in cattle, respectively. In this study, these values were higher in high MS group than those in low MS group at Stage I, suggesting the pre-fattening condition included protein and energy intake of the steers It has been widely accepted that the marbling score (MS) is the most important factor in Japanese Black beef cattle for their carcass grading in Japan. The carcass grading ranges from C1 (the lowest) to A5 (the highest), however, Japanese Black beef cattle is usually classified into more than B1 class. Therefore, their carcass grades are mainly dependent on their MS, ranged from 1 to 12 [7] . The fattening steers are generally fed high carbohydrates and low vitamin A (VA) containing diets during their fattening stages to obtain a high carcass grading and also MS, since the diets, especially low VA containing diets, might produce high MS meats [13] . Our previous report [2] demonstrated that some serum biochemical values, such as lactate dehydrogenese (LDH), total cholesterol (T-cho), magnesium (Mg), and VA changed significantly with the fattening stage advanced. Among these values, Ida and Wada [6] reported that a negative correlation between serum total protein (TP), albumin (Alb), or calcium (Ca) level and MS, and a positive correlation between serum Mg level and MS were observed in Japanese Black steers. However, there are few informations on serum biochemical values related to MS. This note deals with the relationship between serum biochemical values and MS in Japanese Black steers during the fattening stages.
Steers: Thirteen clinically healthy steers were used. The steers were selected from 6 different farms, all of which showed good husbandry and keeping for the fattening, and produced high carcass grading meats (A4 and A5 graded was averaged at 62-83% ). The steers were divided into high MS (8) (9) (10) (11) and low MS (4 and 5) groups, according to their carcass grading at the slaughterhouse. No differences of their final body weights, daily weight gains, and also blood lines were observed among steers selected from these farms ( Table 1) .
Serum biochemical analyses: Serum samples were was considered to be one of the important factors for obtaining high MS. The significantly higher level of Mg was observed in high MS group at Stage I and III in this study. Ida and Wada [6] also reported that a positive correlation was detected between serum Mg level and MS. However, the concentration of serum Mg is mainly dependent on the intake of Mg from diets. In this study, no differences of IP, Ca, and T-chol levels, and also daily weight gain, all of which are considered to be available markers for the condition of food intake, were observed among two groups. No difference of Mg content was also detected between both diets provided to two groups (data not shown). Until now, it is not able to explain clearly the cause and the mean of high Mg level observed in high MS group, however, high Mg level might relate to high MS of the steers. The significant difference in A/G ratio observed in this study is considered not to relate with high MS, because the difference was detected at only Stage II. On the other hand, retinoic acid known as a derivative of VA inhibits the differentiation of preadipocytes to adipocytes in ST13 and 3T3-L1 cell line [8, 14] , and also regulates the gene expression of growth hormone [3] , resulting in low MS of the steers [5] . Based on these findings, feed managements for the steers in Miyazaki The values are mean ± SD. *P<0.05, ** P=0.01. prefecture consisted of mainly low VA and beta-carotene diets [1, 2] . However, Matsuzaki et al. [11] demonstrated no significant difference in MS between two groups of steers fed on low and high VA diets. In contrast, Oka et al. [13] reported that the steers kept with low VA diets, showing markedly lower serum VA level from Stage II to IV, produced significantly higher MS compared with those kept with VA supplemented diets. In this study, significantly lower serum VA level in high MS group was observed only at Stage III, however, the level tended to be lower from Stage II to IV compared with that in low MS group. Therefore, it suggested that the low serum VA level during the fattening stages might relate to producing high MS steers. Recently, the real-time ultrasonography has been widely used for evaluation and/or prediction of MS in fattening steers, however, informations by this method were not enough for an available marker to improve the management of fattening steers (data not shown). From these results, it suggested that some biochemical values, especially UN, Glu, Mg, and VA values, indicate the conditions of steers during the fattening stages, and are considered to have a possibility related to MS of fattening steers. Further studies are necessary to elucidate the mechanisms of these values during the fattening stages correlated to producing high MS steers.
